Background/Aims: Emerging evidence points towards an important role of long noncoding RNAs (lncRNAs) in the tumorigenesis and progression of gastric cancer (GC). MT1JP has recently been reported to be differentially expressed and act as a tumor suppressor in different tumors, with its mechanisms not fully understood in GC. Methods: RT-qPCR was used to detect the expression of MT1JP, miR-214-3p and RUNX3 in tumor tissues and cell lines of GC. The CCK-8 assay, colony formation, Transwell assay and wound healing assay were used to evaluate the proliferation, invasion and migration of GC cells, respectively. Bioinformatics analysis and luciferase reporter assay were performed to disclose the interaction between MT1JP, miR-214-3p and RUNX3. Western blot and immunofluorescence were applied to assess the downstream signaling of RUNX3. Results: MT1JP was found downregulated in GC tissues and cells. Low expression of MT1JP was significantly correlated with advanced TNM stage and lymphatic metastasis. The expression of plasma MT1JP was also found decreased in GC patients compared to healthy controls, with an area under the ROC curve (AUC) of 0.649 for diagnosis of GC. Gain-and loss-of-function of MT1JP revealed that MT1JP functioned as a ceRNA for miR-214-3p to facilitate RUNX3 expression and then upregulated p21 and Bim levels suppressing GC cell proliferation, invasion and migration, and promoting apoptosis. Furthermore, MT1JP overexpression suppressed tumor growth and inhibited the expression of miR-214-3p and proliferation antigen Ki-67, but increased the expression of RUNX3, p21 and Bim in vivo. Conclusions: Our results suggest a potential ceRNA regulatory network involving MT1JP regulates RUNX3 expression by competitively binding endogenous miR-214-3p in tumorigenesis and progression of GC. This mechanism may contribute to a better understanding of GC pathogenesis and provide potential therapeutic strategy for GC.
Introduction
Gastric cancer (GC) is the fourth most common malignancy and the second leading cause of global cancer-related death worldwide [1, 2] . Despite advances in diagnostic markers and tools, the diagnosis of early stage GC is still relatively poor [3] . Thus, it is an urgent task for the identification of effective biomarkers for diagnosis and prognosis in GC.
Long noncoding RNAs (lncRNAs) are defined as transcripts that are longer than 200 nucleotides but do not appear to have protein-coding potential [4, 5] . Cumulative evidence points towards an important role of lncRNAs in the regulation of tissue homeostasis and pathophysiological conditions [4, 6] . With the development of microarray and highthroughput screening as well as PCR, thousands of cancer-associated lncRNAs have been identifided recently [7, 8] . Functioned as oncogenes or tumor suppressors, lncRNAs participate in several vital steps of GC tumorigenesis and progression. Some lncRNAs including HOTAIR, HULC, LINC00152, MALAT1, MALAT2, H19, SNHG6, GHET1 and GACAT3 have been demonstrated to act as oncogenes, while other lncRNAs such as LEIGC, GAS5 and FER1L4 have been classified as tumor suppressors [9] [10] [11] [12] . Mechanistically, lncRNAs may act as chromatin remodeler, transcriptional modulator, splicing regulator, posttranscriptional processor, enhancer, molecular decoys for miRNAs, or as a guide for protein-protein, protein-DNA and protein-RNA interaction [4, 5, 13, 14] . Given the properties of disease-, tissue-and developmental-specificity, lncRNA may serve as a candidate biomarker for GC diagnosis [9, 13, 15] . Indeed, recent evidences have confirmed that several lncRNAs may not only provide significance for GC diagnosis, stage assessment and prognosis prediction, but also serve as promising targets for GC treatment [9, 13, 15] .
LncRNA MT1JP resides on chromosome 16 in a cluster consisting of several homologous protein-coding genes of the metallothionein family. Using microarray analysis, MT1JP has previously been shown downregulated in several tumors [16] . Knockdown of MT1JP results in a range of changes which usually arise during tumor formation, including cell cycle arrest, apoptosis inhibition, proliferation acceleration, and increased invasion and migration, as opposed to the effects of MT1JP overexpression [16] . These results suggests that MT1JP is necessary for maintaining the normal life activities of cells, and that it may have a critical function as a tumor suppressor. Nonetheless, little is known regarding the biological role of MT1JP in the process of GC. Based on the emerging theory of competing endogenous RNAs (ceRNAs), we hypothesized that MT1JP might inhibit GC progression through inhibition of miR-214-3p expression. To this end, we first detected the expression of MT1JP and miR-214-3p in tumor tissues of GC as well as in GC cells. Furthermore, the potential downstream signaling pathway of MT1JP in the development of GC was analyzed both in vitro and in vivo. Therefore, this study may contribute to a better understanding of GC pathogenesis and provide potential therapeutic strategy for GC.
Materials and Methods

Patients and specimens
Fresh GC tissues and paired noncancerous tissues from patients with GC were collected at the Affiliated People's Hospital of Jiangsu University from 2014 to 2016. Informed consent for the use of samples was obtained from all patients. All samples were diagnosed by 2-3 pathologists blinded to the patients. Inclusion criteria were patients with primary GC stages I-IV, having undergone surgery as the initial treatment modality and having complete clinicopathological data. None of the patients had received preoperative therapies. Plasma samples were collected from each subject as well as 34 healthy donors included in the same period, and stored at -80°C before use. This study was approved by the Institutional Ethical Committee of Jiangsu University. Tumor stage was evaluated according to the TNM classification system of the International Union Against Cancer (7 th edition, 2010).
RNA isolation and Reverse Transcription Quantitative Polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted from tissues, serums and different GC cells using TRIzol Reagent (Sangon Biotech, Shanghai). After concentration, purity and integrity detections, 1 µg of DNase I-treated RNA was applied in the reverse transcription reaction with a Hieff First Strand cDNA Synthesis Super Mix for RT-qPCR kit (Yeasen Biotech, Shanghai). Quantitative PCR analysis was carried out using the Hieff qPCR SYBR Green Master Mix kit (Yeasen Biotech, Shanghai) on an ABI Prism 7300 Sequence Detection System (Applied Biosystems, CA). The primer sequences are listed as follows: MT1JP forward: 5'-GCAAAGGGACGTCGGAGA-3', reverse: 5'-TCCAGGTTGTGCAGGTTGTT-3', RUNX3 forward: 5'-CCACTCTGCTCTGTCAGCTT-3', reverse: ATTTGGATTCCCGGTCCCAC-3', p21 forward: 5'-CCCGTGAGCGATGGAACTTC-3', reverse: 5'-CCCGTGGGAAGGTAGAGCTT-3', Bim forward: 5'-GCAGTTTGTTGGAGCTCTGC-3', reverse: 5'-AGGGTGGCTGCAAGAATCAA-3', miR-214-3p forward: 5'-ACAGCAGGCACAGACAGGCA-3', miR-24-3p forward: 5'-CTGGCTCAGTTCAGCAGGAACAG-3', miR-30c-2-3p forward: 5'-GCTGGGAGAAGGCTGTTTACTCT-3', miR-185-5p forward: 5'-GTGGAGAGAAAGGCAGTTCCTGA-3', miR-298 forward: 5'-AGCAGAAGCAGGGAGGTTCTCC-3', miR-486-3p forward: 5'-GGGGCAGCTCAGTACAGGAT-3', universal reverse primer: 5'-AGTGCAGGGTCCGAGGTATT-3', β-actin forward: 5'-CATTCCAAATATGAGATGCGTTGT-3', reverse: 5'-TGTGGACTTGGGAGAGGACT-3', U6 forward: 5'-CTCGCTTCGGCAGCACA-3', reverse: 5'-AACGCTTCACGAATTTGCGT-3'. β-actin or U6 was used as an endogenous control depending on the gene/sample detected. Relative expression levels were calculated by using the 2 -ΔΔCt method.
Constructs, synthesized oligos and transfection
The MT1JP overexpression plasmid was purchased from GenePharm (Shanghai, China). Briefly, MT1JP sequence was amplified and inserted into the pcDNA3.1 (+) vector at the BamH1 sites. The primers used were as follows: forward: 5'-TACCGAGCTCGGATCCTTGCGGTCTCTCCATTTATCG-3', reverse: 5'-CGTTACTAGTGGATCCGCAGCAAATGGCTCAGTATTG-3'. The MT1JP siRNAs, RUNX3 siRNAs, miR-214-3p mimics and anti-miR-214-3p, as well as scrambled negative control oligos, were also synthesized by GenePharm. For transfection, the cells were grown in 12-well plate until confluence at 60-80%, and were transfected with the indicated molecules with Lipofectamine 2000 (Thermo) according to the manufacturer's instructions. Forty-eight hours after transfection, the cells were ready for the following experiments.
Proliferation and apoptosis
The cell proliferation assay was performed using a Cell Counting Kit-8 kit (Vazyme Biotech, Nanjing) according to the manufacturer's instructions. The absorbance at 450nm was recorded and analyzed. For cell apoptosis assay, the indicated cells were stained with Annexin V-FITC/PI cell apoptosis detection kit (BD Pharmingen, San Diego, CA, USA) and were analyzed with a flow cytometer (BD FACSCalibur, San Jose, CA, USA) Cellular Physiology and Biochemistry
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Invasion assay
Invasion assay were performed in Transwell chambers with Matrigel-coated membranes. Briefly, GC cells were seeded with serum-free medium into the upper chambers at 5×10 4 cells/well, and the bottom chambers contained medium with 10% FBS. After a 24-h incubation, nonmigrating cells on the upper surface of the membrane were removed with a cotton swab, and cells penetrating to the lower surface of the membrane were stained with crystal violet. Cell numbers were counted in five randomly chosen microscopic fields per membrane.
Wound healing assays
The cells were seeded in six-well plates until confluence. Streaks across the plate were created in the monolayer with a pipette tip, followed by 3 washes in serum-free medium. The cells were then cultured for 24 h with medium containing 1% FBS. To ensure documentation of the same region, the wells were marked across the wounded area. Progression of migration was observed and photographed at 0 and 24 h after wounding. The distance between the two edges of the scratch was measured and calculated.
Luciferase constructs and activity detection
The luciferase constructs were purchased from GenePharm (Shanghai, China). Briefly, the 3'UTR of RUNX3 or MT1JP transcript were cloned into the downstream of luciferase gene to generate pGL3-RUNX3-WT or pGL3-MT1JP-WT vector. Constructs with site-directed mutations of the putative binding sequences were prepared by overlapping PCR. HEK-293T cells were then transfected with the indicated luciferase vectors as described in the corresponding figure legends. The luciferase activities were measured 48 h after transfection using the dual-luciferase assay kit (Promega, Madison, WI, USA) according to the manufacturer's protocol.
Subcellular fractionation
Cytoplasmic and nuclear fractions were isolated with NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (Thermo) according to the manufacturer's instructions. RNA or protein was extracted from each fraction, and was determined by RT-qPCR or Western blot analysis, respectively.
Western blot
Equal amounts of protein samples were separated by 8-15% SDS-PAGE and transferred to nitrocellulose membranes. Bands were probed immunologically using anti-RUNX3 (Pathway Biological Technology, Nanjing), p21 (Sangon Biotech, Shanghai), Bim (Sangon Biotech), GAPDH (Cell signaling, MA, USA), β-actin (Cell signaling) and Histone H3 (Cell signaling). Signals were detected using an ECL system according to the manufacturer's instructions. Intensities of the immunoreactive bands were determined using Image LabTM software (version 4.1, Bio-Rad, CA).
Immunofluorescence
For immunofluorescence, frozen tissue sections or cell slides were permeabilized with 0.3% Triton X-100, blocked with 3% normal goat serum for 30 min, and incubated with anti-RUNX3 (Pathway Biological Technology), Ki-67 (Santa Cruz, CA), p21 (Sangon Biotech) or Bim (Sangon Biotech) overnight. The sections or slides were then incubated with anti-rabbit Alexa Fluor 488 (Jackson Immunoresearch, West Grove, PA, USA) or anti-mouse Alexa Fluor 594 (Jackson Immunoresearch), accordingly. DAPI was used for nuclear counterstaining. The samples were observed under a fluorescence microscope (Leica, Mannheim, Germany). Positive cells were counted blindly in 10 high power field (HPF)/section (×200).
Tumor xenograft experiment HGC-27 cells stably expressing empty vector or pcDNA-MT1JP were selected by G418 (Invitrogen, Carlsbad, CA). The indicated cells (100µl, 2×10
6
) were inoculated subcutaneously into the dorsal right flank of each nude mouse (6 mice per group). Tumor volumes were calculated as 0.5×length×width 2 every 3 days. After 4 weeks, mice were sacrificed, and tumors were excised, weighed and immediately frozen at -80°C for future use.
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Cellular Physiology and Biochemistry Statistical analysis All statistical analysis were conducted with SPSS ® version 22.0 (SPSS, Chicago, USA). Differences between two dependent groups were evaluated with the Student's t-test. Comparisons among multiple groups were performed with one-way ANOVA followed by Bonferroni post-hoc tests. The associations between MT1JP and the clinicopathological features were analyzed by the Pearson χ 2 test. The receiver operating characteristic (ROC) curve was established to evaluate the diagnostic value of MT1JP for GC. All P-values were two-tailed, and P < 0.05 was accepted as being statistically significant.
Results
Correlation of MT1JP expression with clinicopathological features
To explore the expression profile of MT1JP in GC, we first detected MT1JP expression levels in 99 pairs of GC tissues and neighboring noncancerous tissues by RT-qPCR. As shown in Fig. 1A , the transcript levels of MT1JP were significantly lower in GC tissues compared with neighboring noncancerous tissues from the same patient. Additionally, the expression of MT1JP was downregulated in 68.7% (68/99) of GC tissues compared to that in the adjacent normal tissues (Fig. 1B) . We further found that 41 cases displayed at least one-half decrease in GC tissues compared to the paired non-tumor tissues. We then stratified the patients into low expression group (n=41, fold change ≤ 0.5) and high expression group (n=58, fold change > 0.5). As shown in Table 1 and Fig. 1C , downregulation of MT1JP in GC tissues was correlated with lymphatic metastasis and advanced TNM stage. In addition, Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry a near-significant association was observed between decreased MT1JP and increased tumor size (Table 1) . However, MT1JP expression was not associated with factors such as gender, age, alcohol consumption, smoking, tumor differentiation, location, venous invasion, local invasion and distant metastasis. Non-invasive approach using circulating lncRNAs provides new alternatives for cancer detection and prognosis evaluation [15, 17, 18] . Thus, we also measured MT1JP expression in plasma samples from 34 GC patients and paired healthy donors. Consistent with previous findings [17, 18] , we showed good stability of MT1JP in plasma by frozen-thawed test or room-temperature retention test (data not shown). Importantly, the circulating levels of MT1JP were also significantly reduced in GC patients compared to healthy controls (Fig.  1D) . Downregulation of circulating MT1JP was significantly associated with advanced TNM stage, increased T depth and positive lymphatic metastasis, respectively (Fig. 1E) . Finally, we plotted ROC curve to assess the diagnostic value of serum MT1JP as a biomarker for GC. As shown in Fig. 1F , the area under the ROC curve (AUC) was 0.649 (95% CI, 0.520-0.777, P = 0.026). These findings suggested that MT1JP expression in tissue or plasma could be a candidate predictor for GC diagnosis and staging assessment.
MT1JP is a target of miR-214-3p
Next, we detected MT1JP expression in non-tumorigenic gastric epithelial cell line GES-1 and 4 GC cell lines (MGC-803, AGS, SGC-7901 and HGC-27). Our data showed that MT1JP was generally downregulated in the GC cell lines compared with that in GES-1 ( Fig. 2A) . Then we generated MT1JP-overexpressing plasmid and MT1JP siRNA. The effectiveness 
of overexpression and knockdown was shown in Fig. 2B . Generally, lncRNAs have been reported to regulate cellular processes either at the epigenetic level or at the transcriptional level. To unveil the possible mechanisms that MT1JP may involve, we learned the subcellular localization of MT1JP first. Consistent with previous findings, MT1JP was shown to be more abundant in cytoplasmic fraction than in nuclear fraction (Fig. 2C) . Recently, ceRNA has been proposed as one of the major regulatory mechanisms for cytoplasm-retained lncRNAs [19, 20] . To explore the possible ceRNA network involving MT1JP, we examined a set of miRNAs that were predicted to bind MT1JP by FINDTAR3 (https://bio.sz.tsinghua.edu.cn/) and RNAhybrid2.1 (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid/dl_pre-page.html). These candidate miRNAs included miR-214-3p, miR-24-3p, miR-185-5p, miR-30c-2-3p, miR-486-3p and miR-298. We then screened the expression profiles of these miRNAs in MT1JP-overexpressing HGC-27 and SGC-7901 cells. As shown in Fig. 2D , miR-214-3p was the most suppressed miRNA by MT1JP overexpression in both cells. miR-24-3p but not any other miRNA displayed a mild decrease by MT1JP overexpression. Thus, it was reasonable to speculate that miR-214-3p functioned as a downstream target of MT1JP. This was further supported by the findings that knockdown of MT1JP upregulated miR-214-3p levels in both cells (Fig. 2E) . Moreover, MT1JP expression in GC tissues was inversely correlated with miR-214-3p expression (Fig. 2G ). MiR-214-3p has generally been regarded as an oncogene to promote GC tumorigenesis and progression [21] [22] [23] [24] . Consistently, we showed that miR-214-3p expression was upregulated in 4 GC cell lines compared to GES-1 cell (Fig. 2F) . To further 
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Cellular Physiology and Biochemistry clarify the underlying relationship between MT1JP and miR-214-3p, luciferase constructs containing the wild-type MT1JP transcript (pGL3-MT1JP) or MT1JP with mutated binding sequence (pGL3-MT1JP-MUT) were co-transfected into HEK-293T cell with miR-214-3p mimics or anti-miR-214-3p (Fig. 2H) . The results showed that miR-214-3p reduced the luciferase activity of pGL3-MT1JP but not pGL3-MT1JP-MUT. Consistently, anti-miR-214-3p increased the luciferase activity of pGL3-MT1JP but not pGL3-MT1JP-MUT (Fig. 2H) . These results indicated that miR-214-3p could bind directly to MT1JP at the miRNA recognition sites.
MT1JP modulates cell proliferation, migration, invasion and apoptosis via negative regulation of miR-214-3p
To investigate the effects of MT1JP on proliferation, motility and apoptosis of GC cells, CCK-8, colony formation, wound healing and Transwell assays were conducted when MT1JP was downregulated or upregulated. As shown in Fig. 3A -E, overexpression of MT1JP inhibited the proliferation, invasion, migration, but facilitated apoptosis of HGC-27 and SGC-7901 cells. MT1JP overexpression also notably suppressed Ki-67 expression in HGC-27 cells (Fig.  5C ). Conversely, knockdown of MT1JP facilitated the proliferation of MGC-803 cells (data not shown). These findings suggested a tumor suppressive role of MT1JP. To further investigate whether MT1JP functioned through miR-214-3p, MT1JP-overexpressing/knockdown cells were intervened with miR-214-3p mimics or anti-miR-214-3p. As shown in Fig. 3A -E, the MT1JP-induced effects on proliferation, invasion, migration and apoptosis could be abrogated by the transfection of miR-214-3p mimics in HGC-27 and SGC-7901 cells. On the contrary, anti-miR-214-3p counteracted the pro-proliferative effects by knockdown of MT1JP in MGC-803 cells (data not shown). These findings indicated that MT1JP could suppress GC cell proliferation, invasion, migration, but facilitate apoptosis via downregulation of miR-214-3p.
MT1JP functions as a ceRNA for miR-214-3p to facilitate RUNX3 expression
According to bioinformatics analysis by miRWalk [25] , we found that miR-214-3p could bind directly to the 3'UTR of RUNX3 with two putative complementary sequences 
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Cellular Physiology and Biochemistry (Fig. 4A) . The putative binding of oncogenic miR-214-3p to RUNX3 was consistent with the tumor suppressor role of RUNX3 that has been widely reported [26] [27] [28] [29] . Moreover, posttranscriptional repression of RUNX3 by miRNAs has recently been proposed as one of the major mechanisms resulting in RUNX3 inactivation [30] [31] [32] [33] . To determine the functionality of these predicted sites, luciferase reporter assay with constructs containing the putative binding sequences (RUNX3-WT) or mutated types (RUNX3-MUT1: nt 1865-1871, RUNX3-MUT2: nt 2405-2411, and double mutation: RUNX3-MUT1+2) was performed. As shown in Fig. 4A , miR-214-3p mimics inhibited luciferase activity of RUNX3-WT. Single mutation with either MUT1 or MUT2 partially ablated its interaction with miR-214-3p. Double mutation with MUT1+2 completely abolished this interaction. These results suggested that miR-214-3p could bind to the transcript position (1865-1871 and 2405-2411) of RUNX3 3'UTR. Supporting this, RT-qPCR and Western blot results showed that transfection of miR-214-3p mimics significantly suppressed the mRNA and protein level of RUNX3 in HGC-27 and SGC-7901 cells (data not shown). Through the shared miRNA response elements (MRE), MT1JP may act as a sponge for miR-214-3p to mediate RUNX3 expression. To test this, the correlation between MT1JP, miR-214-3p and RUNX3 in GC tissues were explored. As shown in Fig. 4B , the expression of RUNX3 was negatively correlated with that of miR-214-3p, but positively correlated with that of MT1JP in GC tissues. Additionally, reduced expression of RUNX3 was also detected in 4 GC cells compared with that in GES-1 cell (Fig. 4C) . Next, we investigated whether the MT1JP-mediated sequestration of miR-214-3p was responsible for the upregulation of RUNX3. As shown in Fig. 4D , overexpression of MT1JP but not MT1JP-MUT enhanced the luciferase activity of RUNX3-WT reporters, whereas either miR-214-3p mimics or mutation of the MRE sequences in RUNX3 abolished this effect. Consistently, knockdown of MT1JP showed the reversed effect on the luciferase activity of RUNX3, which was rescued by anti-miR-214- (Fig. 4E) . These results were further confirmed at RUNX3 mRNA level and protein level (Fig. 5A-D) . Previous studies have demonstrated that mislocalization of RUNX3 protein from the nucleus to the cytoplasm also contributes to inactivation of RUNX3 [28, 34] . We then analyzed the cytoplasmic and nuclear fraction of RUNX3 after MT1JP overexpression. Our results showed that MT1JP increased RUNX3 levels both at cytoplasmic and nuclear fractions, whereas miR-214-3p blocked this effect (Fig. 5F ). Collectively, these results suggested that MT1JP could act as a ceRNA for miR-214-3p to facilitate RUNX3 expression in GC cells.
The MT1JP/miR-214-3p/RUNX3 axis functions as an important player in GC progression
Previous studies have indicated that p21 and Bim are direct downstream targets of RUNX3 that activate RUNX3-dependent apoptosis and inhibition of proliferation [35, 36] . Consistently, our results showed that the protein levels of RUNX3, p21 and Bim concordantly decreased in GC tissues compared to paired non-cancerous tissues (Fig. 5E ). In particular, overexpression of MT1JP increased both the mRNA and the protein levels of p21 and Bim in HGC-27 and SGC-7901 cells, whereas miR-214-3p mimics abolished this effect (Fig. 5A-D) . We then asked whether MT1JP inhibited GC progression through RUNX3 signaling pathway. To test this, MT1JP-overexpressing GC cells were intervened with knockdown of RUNX3. The results showed that knockdown of RUNX3 is highly like miR-214-3p that completely abrogated the effects of MT1JP upregulation on the proliferation, migration, invasion and apoptosis in HGC-27 and SGC-7901 cells (Fig. 6A-E) . Also, the increases in mRNA and protein levels of RUNX3, p21 and Bim by MT1JP overexpression were reversed by RUNX3 knockdown (Fig. 6F & G) . Finally, the role of MT1JP in GC tumorigenesis was analyzed in vivo and the Cellular Physiology and Biochemistry
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results showed that overexpression of MT1JP significantly inhibited tumor growth (Fig.  7A&B ). MT1JP overexpression increased the expression of RUNX3, p21, Bim, but decreased the expression of miR-214-3p ( Fig. 7C-E) . Consistently, overexpression of MT1JP reduced the staining intensity of proliferation antigen Ki-67 (Fig. 7D) . Taken together, these data suggested that MT1JP could inhibit GC progression via activating RUNX3 signaling pathway.
Discussion
Recent studies of the human transcriptome have attested that an astounding number of lncRNAs might have key roles for the transcriptional regulation linked to cancer progression [7] [8] [9] 13] . Dysregulated lncRNA expression is documented in various cancers, and their tissuespecificity makes them attractive candidates as diagnostic/prognostic biomarkers and/or therapeutic agents. In this study, we showed that MT1JP was significantly downregulated in GC tissues/cells compared to the adjacent non-tumor tissues/normal gastric epithelial cell line, and the reduced expression of MT1JP was correlated with advanced TNM stage and lymphatic metastasis. We also analyzed the expression of MT1JP in the plasma of GC patients. Again, MT1JP was significantly decreased in the plasma of GC patients compared to that in healthy controls. Low expression of plasma MT1JP was also correlated with advanced TNM stage, increased T depth, and positive lymphatic metastasis. Given the simplicity and accuracy of plasma MT1JP detection, it may be used as an easier and promising approach for GC diagnosis and staging assessment.
MT1JP has previously been shown to act as a tumor suppressor [16] . Supporting this, we found that overexpression of MT1JP resulted in proliferation suppression, migration reduction, invasion inhibition and apoptosis induction, as opposed to the effects of MT1JP knockdown. Mechanistically, lncRNAs often function in highly complex regulatory networks because they are able to interact with proteins, RNAs, or genomic DNA [4, 5, 14, 20] . Accordingly, MT1JP has previously been reported to interact with an RNA-binding protein TIAR, thereby affecting the translational activity of tumor suppressor p53 as well as the p53-related pathways [16] . CeRNA hypothesis is an emerging theory, which describes potential communication networks among all transcript RNA species mediated by miRNAs and MREs within RNA transcripts [19] . CeRNAs sequester miRNAs to regulate mRNA transcripts containing MRE and protect the target RNAs from repression. We showed that MT1JP was more abundant in cytoplasm rather than nucleus. This predisposed MT1JP to function as a potential ceRNA. Then we confirmed the direct binding between MT1JP and miR-214-3p using bioinformatics analysis and reported assay. Supporting this, we further found that the expression of miR-214-3p was negatively correlated with that of MT1JP expression in GC tissues. In particular, we demonstrated that the tumor suppressive effect of MT1JP on proliferation, migration and apoptosis could be reversed by the transfection of miR-214-3p mimics, whereas the pro-oncogenic effect by MT1JP knockdown could be rescued by antimiR-214-3p. Therefore, our findings provide evidence of a novel ceRNA regulatory network, where MT1JP and miR-214-3p negatively regulate each other.
MiR-214-3p is generally documented as a key oncogene in a variety of prevalent cancers including GC [23, 24, 37] . Previous studies have shown that miR-214-3p is commonly upregulated in GC tissue-derived mesenchymal stem cells and GC cancer tissues [38] . Upregulation of miR-214-3p is tightly associated with clinical progression and poor prognosis independent of clinical covariates [22] . Additionally, hemolysis-free miR-214-3p levels in plasma can also distinguish GC patients from healthy controls, monitor tumor dynamics and predict distant metastasis [21] . Knockdown of miR-214-3p inhibits proliferation and metastasis of GC cells [23, 24] . Mechanistically, miR-214-3p's pleiotropic contribution to various cancer formation is achieved via its several target genes. In fact, miR-214-3p behaves as a key hub by coordinating fundamental signaling networks such as PTEN/Akt, β-catenin, and tyrosine kinase receptor pathways [37, 39, 40] . MiR-214-3p also regulates the levels of crucial gene expression modulators, such as the epigenetic repressor EZH2, genome guardian p53, transcription factors TFAP2, and another miRNA miR-148b [41] [42] [43] . Therefore, miR-214-3p has essential roles in coordinating tumor proliferation, stemness, angiogenesis, invasiveness, extravasation, metastasis, resistance to chemotherapy, and microenvironment.
The RUNX family transcription factors are critical regulators of development and frequently dysregulated in cancer. RUNX3 has widely been described as a tumor suppressor and is involved in tumor development and metastasis at different levels, such as Epithelialmesenchymal transition (EMT), adhesion, invasion, apoptosis and angiogenesis. The gastric epithelium of RUNX3 knockout mice exhibits hyperplasia, a reduced rate of apoptosis, and reduced sensitivity to TGF-β [26] . RUNX3 is absent or lowly expressed in 50%-70% primary GC and various GC cells because of hypermethylation of RUNX3 gene promoter, loss of allele heterozygosity and cytoplasmic sequestration [26] [27] [28] [29] . In addition, miRNA has recently been highlighted as a novel regulator of RUNX3 at the post-transcriptional level [30] [31] [32] [33] . For instance, miR-130b is proposed as a candidate for silencing RUNX3 in GC cells [33] . MiR106a targeting of RUNX3 is involved in multidrug resistance [31] . Upregulation of miR-130a and miR-495 under hypoxic conditions suppresses RUNX3 expression at the protein level through direct bindings, thereby promoting cell proliferation and tumor angiogenesis of GC cells [30] . We presented evidence that RUNX3 was a direct target of miR-214-3p. The identification of RUNX3 as a miR-214-3p target expanded the repertoire of miR-214-3p targets. In particular, we showed that the luciferase activity of RUNX3 reporters and RUNX3 mRNA expression were increased after MT1JP overexpression, but reversed by miR-214-3p mimics. However, they were reduced by knockdown of MT1JP, which could be rescued by anti-miR-214-3p. These results suggests that MT1JP functions as a ceRNA for miR-214-3p to facilitate the expression of RUNX3.
Downstream of TGF-β signaling, RUNX3 transactivates target genes synergistically with Smads and p300 [35, 44] . Previous studies have reported p21 and Bim are direct downstream targets of RUNX3 that activated RUNX3 dependent apoptosis and inhibition of proliferation [35, 36] . Thus, we also explored the effect of MT1JP on p21 and Bim expression. As expected, overexpressed MT1JP increased the mRNA and protein levels of p21 and Bim. This is consistent with the findings that MT1JP facilitated upregulation of nuclear RUNX3 level, a sign of RUNX3 transactivation. On the contrary, knockdown of RUNX3 reversed the MT1JP-mediated upregulation of p21 and Bim, thereby abolishing the tumor suppressive effect of Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry MT1JP. Therefore, these findings implies that RUNX3 signaling acts directly downstream of MT1JP and contributes to its tumor suppressive effects. Taken together, our study indicates that MT1JP/miR-214-3p/RUNX3 axis functions as an important player in tumorigenesis and progression of GC, and it may further promote the development of lncRNA-directed diagnosis and therapy for GC.
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